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Introduction
Actinic keratosis (AK), is one of the most common 1 and most expensive skin diseases to treat. This places a high burden on the Australian population, health care system and government. Up to 60% of Australians in subtropical Queensland over the age of 40 have AK 2 . AK lesions are rough scaly and generally less than 1 cm in diameter. They are caused by chronic sun exposure and prevented by regular sunscreen use 3 . Multiple lesions are common. Some lesions regress spontaneously, but others progress to invasive squamous cell carcinoma (SCC). Hypertrophic AK may contain occult foci of SCC 4 . A systematic review of the natural history of AK estimated the risk of malignant transformation to range from 0% to 0.0075%/lesion/year 5 . In individuals with a history of nonmelanoma skin cancer (NMSC), the risk is up 0.53% per lesion per year 6 . Organ transplant recipients on systemic immuno-suppressive therapies are at increased risk of malignant transformation 7 .
Indications for treatment include prophylaxis of SCC, uncertainty of diagnosis, symptomatic relief and to improve cosmetic appearance. Detectable lesions are frequently associated with alterations of the surrounding skin. These surrounding subclinical lesions, or field changes, can be identified histologically and also clinically with the application of topical field therapy for AK 8 .
Cryosurgery with liquid nitrogen is the most widely used therapy. Clinical response varies with the duration of application, as does morbidity. One study reported cure rates of 39% for freeze times less than 5 seconds, 69% for freeze times between 5 and 25 seconds and 83% for freeze times greater than 25 seconds 9 .
Medicare Australia is a universal health insurance scheme that reimburses patients for medical fees incurred. Benefits are paid according to the Medicare Benefits Schedule (MBS) with respect to each individual Medicare item number. The item number for treatment of 10 or more solar keratosis by cryosurgery is 30192. There is no item number for treatment of fewer than 10 AK and therefore no reimbursement for cryotherapy treatment of less than 10 AK.
Field therapy is most useful for multiple AK lesions. Agents approved by the Therapeutics Goods Administration for field therapy include topical 5-Fluorouracil (5-FU), diclofenac sodium, inguenol mebutate and photodynamic therapy (PDT). Field therapy is not subsidized by the PBS (Pharmaceutical Benefits Scheme) and does not contribute directly to the cost to Government of treatment of AK in Australia.
There is no current published estimate of the direct cost of AK to the Australian government. We aimed to use Medicare data to report the annual numbers of AK treatments between 1994 and 2012, calculate the direct costs associated with these treatments and predict the numbers and costs from 2013 to 2020.
The risk of AK increases with age and the ageing of the Australian population may increase the burden of AK on the Australian health system.
Methods
Medicare Australia issues the total number of claims and benefits paid for each Medicare item number according to the Medicare Benefits Schedule (MBS) 10 . The total number of claims and cost of Medicare benefits for the treatment of 10 or more premalignant lesions with an ablative therapy (MBS item number 30192) was obtained for the period 1994 to 2012 inclusive 10 .
The historical Medicare benefit payment data were inflated to 2012 Australian dollars, using the Reserve Bank of Australia Inflation calculator 11 . For each of the SK numbers and costs historical data sets, three Auto-regressive Integrated Moving Average (ARIMA) models 12 were fitted and forecasts produced for the years 2013 to 2020. The models were ARIMA(1,1,1), ARIMA(0,1,1) and ARIMA(1,1,0). For each forecast series, the best fitting model was chosen on the basis of the Akaike Information Criterion (AIC) 13 . For both time series the AIC differences between models were extremely small and the model forecasts very similar.
Total numbers of non-melanoma skin cancer (NMSC) treatment was obtained from a study conducted by Fransen et al. 14 . All statistical analysis was carried out with JMP ® v 9.0.0.
Results
The total number of item 30192 treatment services billed to Medicare in 1994 was 247,515, increasing to 643,622 in 2012. This represents an increase of 160%. Rates remained relatively stable during the period of 2005-2009 and then began increasing again after 2010. It was estimated that the cost of treatments would reach $24.7 million in 2020 for roughly 831,953 treatment services -an increase of 29% over the next 8 years (Table 1 and Figure 1 and Figure 2 ).
The total number of AK treatments billed to Medicare showed a similar increase over time to the increase seen in total NMSC treatments over the same period of time 14 ( Figure 3 ). NMSC treatment
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The reviewers' comments have been addressed in the current version of the article:
• A brief section has been added in the discussion portion of the article addressing the issue of SCC numbers.
• The abstract section has been corrected from "...by 202" to "2020".
• The title has been changed to reflect the content of the article.
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• "Is there any indication that some lesions were not treated at all?" A sentence has been added to the discussion stating that it is possible some lesions were not treated at all.
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The number of AK treatments per 1,000 head was the highest in New South Wales compared to Queensland ( Table 2 ). The number of AK treatments per 1,000 people in the Northern Territory was remarkably low, almost comparable to the number of AK treatments seen in Tasmania.
The total Medicare benefits paid for the 30192 item number in 1994 was $5.6 million and $19.6 million in 2012. This represents an increase of 250%. NSW and Queensland received the highest amount of benefits at $9 million and $5.6 million respectively) while NT received the lowest amount of Medicare benefits at $49 thousand ( Figure 5 ).
Discussion
AK is a chronic disease. Patients with multiple AK require multiple treatment episodes. The number of item 30192 treatments for AK has increased by 160% since 1994 and is predicted to increase by a further 29% between 2012 to 2020. NMSC has similarly been increasing over time. During the period 2010 to 2015 AK is anticipated to increase by 17.8% compared with an increase in NMSC treatments of 22.3% which was predicted by Fransen et al. 14 .
Interestingly, the rates of ablative treatment for premalignant lesions of the skin remained virtually Topical 5-FU and PDT are funded by the RPBS but not the PBS for the treatment of AK in repatriation members 15 . The contribution of these agents to the overall cost to Government of treatment of premalignant skin conditions is therefore negligible.
Also notable is the significantly higher number of AK treatment services, provided by NSW compared to Queensland. This is particularly surprising as the number of NMSC treatments recorded in Queensland continued to increase at a faster rate and the number of NMSC treatments was greater than in NSW after 2011 10 .
Northern Territory (NT) had the lowest number of AK treatments per 1,000 a figure that was comparable to treatment numbers seen in Tasmania. It was expected that the number of AK treatments per head would have been similar to that of Queensland because of the association between AK and ultraviolet (UV) light and the higher There were three major limitations of the study. The data set did not include data on cryotherapy item numbers charged to the Department of Veterans affairs; the data did not include treatment of less than ten lesions; the Medicare item numbers could have included lesions that were treated multiple times; in addition the 30192 item number may include other premalignant conditions of the skin, however we have assumed that AK are the predominant skin lesion. Some AK may clinically resemble SCC and be treated surgically. We have not calculated the costs of skin surgery of AK. Our calculations did not include any patient co-payments costs incurred or the cost of the consultation. Estimates of the number of treatments for other treatment modalities were not available.
The cost to the government and the cost to the community of AK is increasing. We predict that the number of AK treatments provided by the government in 2020 will be 831,953 costing an estimated 24.7 million dollars.
An estimated 60% of SCCs develop from AK and the remaining 40% develop de novo 19 . Given the high risk of malignant transformation treatment of early lesions and prevention of AK is prudent.
Future research should focus on identifying future AK trends, cost effectiveness of field treatments versus cryotherapy for AK, the association between AK and SCCs and the role of field treatments for clinical and subclinical AKs in preventing SCCs.
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It would be useful to understand whether the increasing number of treated AKs actually corresponds to a decrease of invasive squamous cell carcinomas. If this is not the case, then the burden and cost of AK treatment may be not completely justified. This issue should be shortly addressed in the discussion.
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